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CHICOPEE FALLS

LOCAL PROTECTION PROJECT

STUDY OF RAILROAD EMBANKMENT

I. INTRODUCTION

A. Purpose - This study was initiated by the Corps of
Englneers to provide a condition survey of the railrocad em-
bankment immediately downstream of the U. S. Rubber Company
plant at the downstream end of the Chicopee Falls local Pro-
tection Project and to develop basic design criteria, methods
and costs for stabilizing the embankment and providing ade-
quate slope protection.

B. Scope - This report presents a descriptlon of ex-
isting conditions both from the viewpoint of slope stabllity
and of streamflow and bank erosion. Conditions are analyzed

and solutions are presented, with costs.



II. GENERAL

The Chicopee Falls Local Protection ProJect 1s located
on the Chicopee River, from the Deady Memorial Bridge in
Chicopee Falls to a point on the left bank downstream of the
U. S. Rubber Company and on the right to a point approximate-
ly 1000 feet further downstream. The location and principal
features of the project are shown on Plates No. 1 and 2. The
project conalats of a 1line of dlke and wall flood protection
along the left bank, with widening of the right bank to fur-
nish borrow and allow the stream to be moved to make room for
the dikes.

The rail lines serving the factories in the protected
area, property of the Boston and Maine Rallroad, run on a
partlally filled shelf along the outside of the bend down-
stream of the U. S. Rubber Company. There has been a history
of erosion and failure along this embankment. On several oc-
casions during floods, the riverside track has been destroyed,
apparently through erosive faillure. There is a constant
problem of settlement and track weaving, as well as con-
tinuing erosion. It was considered possible that the changed
alignment might aggravate these conditicns.

A feature of the proposed work will be flattening the in-
side of this curve to provide channel widths in excess of 200
feet. The rather considerable benefits to the railroad em-

bankment resulting from this widening are evaluated herein.



III. HYDRAULICS

The present natural channel of the Chicopee River,
curving along the raiiroad embankment in the a2rea downstream
from the U. S. Rubber Company buildings, has a normal width
in the central portion of the bend of between 130 and 150 feet.
Puring floods, the low area opposite the railroad embankment
functions as a natural overbank section over which part of
the river flow passes with conaiderable loss of head, dueto
the presence of brush and tree growth and other obstructions.
A wedge-shaped high bluff located on the right bank of the
entrance to the bend contributes to deflection of the flow
towards the main stem and the left bank and probably causes
separation of the flow and formatlon of a wide eddy over the
inside of the right overbank section in the bend area. The
net result 1a lnefficient use of the right overbank and con-
centration of the flow in the constricted main stem of the
river channel.

Backwater computations for the natural river channel
indicate that, during the Project Design Flood, average vel-
ocities 1in the mailn stem vary up to about 18.5 feet per sécond.
The velocity distrlbutlon 1s expected tc vary considerably
in the curved area with higher velocitles of the order of
50% greater than the average. It 1s estimated that the high
veloclity concentration will be generally nearer to the right
bank upstream of Sectlon #58 and nearer to the left bank,or

railroad embankment, downstream from Section #60. Experience



from past floods has shown the left bank to be particularly
vulnerable to attack and erosion between Sections #55 and '
#062. Local interests have undertaken limited protection of
this 1mpact area of primary erosion by placement of some
riprap. Section locations, stages and velocities are shown
on Plates Nos. 2 and 3.

Conatruction of the proposed flcod control proJject,
upstream of Sectlon #52, leaving the bend in its present
natural state, would not be expected to have significant ef-
fects on the present conditlions at the bend. Displacement
of a portion of the river by the dike and the compensatory
widening of the right bank might be expected to have some
effect on the velocity distribution and direction of the be-
ginning of the bend. The veloclty in the improved channel
would have a better distribution, but would approach the bend
at a sharper angle. The net result would be little change
in the magnltude of the high velocitles accompanlied by some
shift upstream of the high velocity concentration, sti1ll with-
in the area within which exlsting riprap has been placed.

Extensions of the improvements downstream to Include
widening of the right bank at the bend as proposed, will have
definite beneficial effects upon the hydraulic conditlions in
the bend area. Backwater computations 1indicate that average
velocities in the main stem will be limited to about 10 fps.
In addition, total head losses 1In the bend area are estimated
to be reduced by about 2 feet, which benefits the upstream

project, by permitting some reduction in the dike height; the



effect being progressively smaller further upstrean.

The velocity distribution in the bend will also be al-
tered by the proposed widening. Generally, more uniform vel-
ocity distributions will result. High velocity concentrations
are expected to occur nearest the right bank upstream of Sec-
tion #61 and nearer to the left bank downstream of Section
#64. Obviously, the proposed widening will cause a signifi-

cant shift downstream of the impact area, where high velocity
concentration will be nearer to the rallroad embankment. How-
ever, 1t 1s expected that due to the overall reduction In
the velocities and the smoother curvature, the magnitude of
the high velocity concentration will probably be smaller than
the velocities expected in the same area under the present

natural conditions.



IV. PRESENT CONDITION OF THE RAILROAD EIBANKIMENT

A. Surface Conditlons - The rallroad embankment slone

in the vicinity of the sharpest curvature of the river has

been the greatest problem area. Loose rock, varying in size

up to approximately 30 inches maximum, has been dumped over

the slope for a distance of approximately 150 lineal feet along
the river in the vicinity of Section A-A, Plate 4. 1In this
zone, the height of slope 1s approximately 30 feet and the
slope 1s as steep as 1 on 1-1/4. Most of the rock has fallen
to the lower half of the slope. There are no trees, and only
occasional low bushes growing in this area. Further upstream,
there is evidence of dumped rock, mostly at the toe of the
slope, with trees and underbrush becoming quite thick. There
are several reaches where fairly recent bank erosion has
stripped the vegetation and partially undercut the slope, leav-
ing some portions standing steeper than 1 on 1.

The slope on the east slde of the railroad rises to a
maximam helight of appreximately 35 feet above the tracks and
has a maximum slope of approximately 1 on 1-1/2. The surface
is quite densely covered with brush and trees. There are no
visual indications of a slope stablility problem here.

There are signs of surface erosion of the embankment
£i11 at several points along the bank due to discharge from
a single transverse culvert as well as at other points where
surface water concentrates and spills over the edge of the

slope. This 1s discussed subsequently in more detall.



B. Subsurface Condltions - Three borings were taken

by the Corps of Engineers at the locations shown on Plate 4
during August, 1962. As Indicated on the seétions through
these borings, the depth of miscellaneous fi1l1l1 below the
tracks is approximately 10 to 12 feet. Underlying the fill
at BH-40 and BH-45 1s a 3 to 5 feet layer of medium compact
gravelly sandy clay which has been identified as a probable
glacial till deposit. Below this material i3 a layer of soft,
somewhat stratified sillt and clay, of medium tc high pasticity
and relatively low shear strength. This layer 1is 3 to 5 feet
thick at BH-40 and BH-45 and is approximately 8 feet thick

at BHU2. Underlying the soft clay 1s a zone of loose silts
and sands, overlying compact glacial ti1ll of undetermined
depth.

The miscellaneous fill was found to contain pockets of
medium to soft clayey silt as close as 1.5 feet below the
track level. The remainder of the fill contalns sand, grav-
el, cinders, coal,and brick fragments, all in a relatively
loose condition. Wnhile the stable subsurface water level
was not determined in borings, 1t 1s believed to be respon-
sive to and somewhat above river level.

Several additional borings would be required to verify
whether the strata, such as the soft clay layer, are contlnu-
ous in a dilrectlon parallel to the river. For this study,
1t i1s asgssumed that 1t is. Boring No. 46, some 400 feet up-
stream of BH-40, also encountered soft clayey materials from

depths of 5 to 12 feet.



Iaboratory tests on samples of this materlal from
Borings 40 and 42 indicate the liquid limit to be 31 and
35 and the plastic limit to be 27 and 26, respectively. The

natural water contents were close to the liquid limits.



V.  FACTORS WiHICH CONTRIBUTE TO EMBANKMENT SETTLEMENT AID
POTENTIAL INSTABILITY

There are at least three factcors which contribute to
the current settling of the railroad embankment, which are
independent of the problems which occur as a result of em-
bankment toe erosion during times of river flooding. It is
difficult to assess which of the three 13 the more important
and it 18 likely that there 1s an inter-relationshlp among
them.

A. Soft Material In the Track F1ll - As noted on the

logs of BH-U40 and BH-45 there is a layer of soft silty clay
at depths of 1.5 to 3.5 feet below the railroad tracks. This
material has a low bearing capaclty and is considered unac-
ceptable aft shallow depths below the ballagt. The fact that
this material apparently remains in a moist condition due
to surface runcff (discussed in "C" below) increases the
problem. It 1s qulte probable that the presence of this soft
silty clay contributes to settlement and to weaving under
rall traffic due to its proximity to the surface.

The actual limits of such material in the {111 are
not easily detectable. Samples obtalned in the i1l from
BH-42 did not contain soft clay, which may mean that there
is not an extensive layer underlying the tracks. A series
of shallow borings or hand auger holes would be necessary to

check this problem further.
B. ILayer of Soft Silty Clay Below Fill - As noted in

Plate 4, there 1s an apparently continuous laver of soft clay,



some 4 to 8 feet 1n thickness, with surface at El. +90 (ap-
proximately 15 ft. below the track grade). Reference 1s made
to the stabillty analyses made on a typical cross-section
passing through BH-40 normal to the tracks (Filgure 1). As-
suming circular faillure arcs passing through the f111 and
along the clay layer, emerging at the face of the slope as
shown, we estimated the approximate required shear strength
of this clay for the slope to stand with a minimum factor of
gsafety of 1.0. The results of trial circles indicate that
the'required shear strength in the clay would be about 450
pounds per square foot. This computation 13 based on con-
servative assumptions and a "sudden drawdown" condition. Trial
No. 1A indicated that the required strength of the clay for
the "normal" river condition would be about 80 percent of

the above.

Further analyses or refinements in tﬁe methods of ana-
lysis used are not consldered necessary. A more thorough
stabllity study would requlre several additional borings in
the area to define the limits of the clay layer, "undisturbed”
samples of the cohesive materials from these borings, and
the performance of laboratory shear strength tests on samples
recovered.

The fact that there 15 no evidence of a general slide
failure of the type analyzZed has proven the stability of the

slope. However, from this analysis and from visual examina-

10.



tion of disturbed soll samples from borings, it is concluded
that the factor of safety 1s low and that changed conditlor:,
such as an undercutting of the upper slope due to erosion or
the addition of more welight at the surface could precipitate

a slide failure.
C. Surface Drainage - With reference to Plate 4, a

large amount of surface runoff 1s directed to the sharpest
portion of the bend of the railroad embankment. There is
evidence that a substantlal flow of water passes through a
rough channel below the downstream end of the coal pile. A
shallow trench extends for a short distance alongside the
inner track and terminates near the switch stand. A narrower
and shallower ditch continues along the toe of the side slope
further downstream but 1s overgrown with vegetation. It ap-
pears that the runoff crosses the tracks in the vicinity of
the switch, both through porous portions of the fill and on
the surface. There is evidence of surface flow where the
111 has been eroded between the ties. Only one culvert was
observed; a 12-inch pipe passing below the riverward track
approximately 30 feet upstream of the swltch. At present,
this 1s not effective since the Intake end is almost entlirely
plugged with £111. The embankment below this drain is badly
eroded. There are several other eroslion gullles along the
slope, particularly at a point about opposite the switch.

This surface water can contribute to an unstable condi-

tion in the followlng ways:

11.



This source of water tends to keep the c¢ohesive
portions in the 11l as well as the underlying
natural clay in a molst condition, thus retarding
or preventing a buildup of strength with time.

The surface runoff obviously contributes to a loss
of material adjacent to the tracks and on the
slope, even durlng moderate storms. In addition,
losses due to the river erosion during flooding
may be 1increased due to the weakenling of the slope

by gullies formed by the runoff.

12,



VI. CORRECTIVE MEASURES FOR THE UPPER PORTIO! OF THE SIOPLE

Measures for improvement of the existing conditions are
discussed below. It 1s polnted out, however, that these
measures pertain to problems and condltions which are known
to exist along the upper portion of the rallroad embankment
and which contribute essentially to local settlement of the
tracks. These problems are considered to be Independent of
the problem of stream erosion along the lower portion of
the slope durlng flooding and the above measures are considered
adeguate only on the basis that there 1s no appreciable loss
of slope material due to eroslve action by the river. Ero-
sion control 1is discussed In a subsequent sectlon of this
report.

The proposed construction of the dikes and flood wall
protection structures upstream of this location would 1n no
way be considered to influence or change the present condi-
tions at the upper slope. Also, as far as erosive actlon is
concerned, the proposed river widening will effectively re-
duce the peak flow veloclities, as discussed elsewhere.

A. Soft Fill Below Tracks

l. General Reguirements

a. The extent of the soft compressible mater-
jal in the f111 should be determined by a series of shallow
borings or hand auger holes. To properly survey the doubt-

ful area, approximately 20 hand auger holes would be required.

13.-



b. Where such materials are found to exlst,

particularly below the riverward track, they should be exca-

vated and replaced with clean granular fil1l1. Replacement

£i11 materials should be placed in 6 to 12 inch 1ifts and

properly compacted.

2.

3.

Approximate Quantlty and Cost Estimates

a. Hand auger holes along both
tracks - say 20 holes @ 10!

depth:
200 L.F. @ $2.00 $400

(Assuming that the above explorations
indicate the need for removing all fill
for an average depth of 5 feet, for a dis—
tance of 500 feet, starting at a point op-
posite River Section 58, the following
rough quantities and costs are estimated:)

b. Removal and temporary storage of
existing trackage and equipment:

1500 L.F. @ $4.00 $6000
¢. Excavation and disposal of existing
£i11 (Assume 1/3 of excavated ma-
terial is re-usable):
6000 c.y. @ $0.75  $4500
d. Purchase and placement of new fill:
LOOO c.y. @ $1.75  $7000
e. Placement of salvaged fill:
2000 c.y. @ $0.75  $1500

. Replacement of tracks and equlp-

ment: .
1500 L.F. @ $15.00 %22500
Total Estimated Cost...cvvvnenen .. 341,900

In addition to the above construction costs

there would of course be many other intanglble costs such as

delays at the U. S. Rubber Company due to the temporary dis-

14,



rupting of rail service. This would probadbly be for a dura-
tion of 20 to 30 days.

The alternate method of coping with settlements which
are belng experienced along the line would be to continue to
add f111 and ballast and to replace or relevel damaged sec-
tlons of track as settlement occurs. The economics of the
decision 1s beyond the scope of thi study.

B. Soft Silty Clay Below 111

1. Additional borings would be required to better
define the 1limits and extent of this material. The perforh-
ance of laboratory strength tests on undisturbed samples
from the clay would permit a more accurate appraisal of the
existing'factor of safety apgainst a slide failure.

2. The most effective method of improving the
slope 8tability, while maintaining the present track align-
ment, would be to change the geometry of the section. &
flatter slope and possibly the introduction of a berm in
the slope would improve the situation. However, 1t 1s felt
that if the other Eecommended corrective neasures are taken,
the slope will remain stable with respect to a circular slide
failure, PROVIDED:

a. No additional weight of f111 1s placed at
the track level.

b. The existing slope 1s not made steeber or
undercut by stream erosion or other means.

C. Surface Dralnage

1. General Requlremnents

a. Intercept the runoff from the slope above

15.



the tracks In an 1mproved open ditch alony tie tce of the
s lope.

b. At about & or 5 locations alons the ditch,
Install inlet structuresand transverse dralns below the
tracks. The discharge end of each drain or culvert would
direct the flow to a paved spillway on the outer embankment
slope. The drains should be 15 inch diameter reinforced con-
crete pipes, placed at the time the 11l is being replaced.

¢. Provide wide, paved spillway areas below
each culvert outlet to carry the flow down to the normal
river level. These areas should be inccrporated into the
design of any riprap placed on the slope for gtream erosion
protection. The paved spillway would require hand-placed
stones, keyed into the riprap, for stabllity.

2. Approximate Quantity and Cost Estimates

a. Excavation of trapezoidal drainage
ditch alongside of the inner track:

65 c.y. @ 31.50 $ 100
b. Installation of drainage inlet
structures:
5 @& $270 each 1,350

¢. Installation of 15" diam reinforced
concrete pipe underdrains. (Assume
this work done at time of excavatlion
and replacement of track fill, thus
no excavation and 111 included here)

650 L.F. @ $4.50 2,925

d. Hand-placed stone riprap at exit of
pipe underdrains: (separate fron
riprap required on lower sectiocn of
slopeg
6 c.y. @ 310.00 60

Total Estimated Cost s ,435

1f



VII. MEASURES TO COMFROIL STREAV EROSION

The eros. reglimen at the bend will be conslderably
altered by the widening under the lLocal Protection Project.
The overall erosion rate in the bend after widening is ex-
pected to be comparable to that now experienced on the left
bank between Sections 64 and 66. Erosion 1s experilenced
in this area, but maintenance has not been sufficiently
heavy to cause local interests to riprap thls portion of the
bank. Similarly, after widening, erosion during normal flow
should be minor, and even floods such as 1955 should cause
considerably less damage.

For the Project Design Flood of 70,000 ¢.f.s., velocli-
ties are quite high even with widening; uneven distrlibution
would result in locul veloclties considerably above the aver-
age. Stages and veloclties are shown on Plate 3. Protection
of the embankment from erédésion at the Project Design Flocod
would require fifteen inches of riprap on a minimum bedding
of six inches of well-graded gravel. The slope should be
fi1lled out to 1 on 1.5, and erosion gulleys and scallops
filled before riprapping. This work would also benefit the
stability of the slopes as regards circle failures.

Approximate Quantity and Cost Estimates

Site Preparation 1 Job Lump Su -
m
Bank Gravel 12,000 C.Y. $ 2?00 gi,ggg
Riprap 7,000 C.Y. 10.00 70000
——t
TQTAL ESTIMATED COST $95,000

Maintenance of slopes and replacement of trackage will

be reduced after the widening, due to decreased erosion.

17.



Since the present erosi~n rate 1s apparently tolerable to
local Interests, it is unlikely that the above protection

will be conatructed after erosion 1s reduced by the widening.

18,



VII. CONCLUSIONS

A. 'The rallrcad embankment is currently subject to
both stream erosion and surface instability due to poor sub-
grade. It has a history of washouts and erosive failures.

.B. The slope problems other than erosion consist of
settlement due to soft clays in the f111 at shallow depths,
of marginal stablility due to a natural clay layer approxi-
mately 15 feet below track grade, and to the embankment
geometry as influenced by erosion, and of poor surface drain-
age which aggravates the above. None of these will be
worsened by the project. Correction of the settlement 1s
estimated to cost approximately $42,000, of the drainage
$4500. The stability 1s considered acceptable with proper
maintenance, ete.

C. Stream erosion would be considerably lessened by
the project, due to channel wildening and reduced velocities
around the bend. Slope protectlion to prevent erosion at
ProjJect Design Flood, after improvement, 1s eatimated at
$95,000. Protection without the Project improvements was not
estimated, but would be more than doubled.

D. The work of this project will have no adverse
effects on the railroad embankment, and by reducing erosion

will benefilt 1t considerably.

19.



IX. RECOMMENDATIONS
In view of the fact that the work of this ProJlect does

not have adverse effects on the rallroad embankment, no

protective or corrective work on this embankment by the

Federal Government is required.

20,
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14 Aue 1962
EL 104.5
Or— Cinders, sandy silt and coal dust (FILL)

6 Sandy sl coal dust and crnders (F7LL)

5 Ashes, cinders and brick fragrments (FIL L)

10— SAT — 5ilty, coarse Fo mediwr SAND
8 with siit pockelts
cL ST with strots of sty sand
10 ST with traces of clay
20— ML |—— | |Gravelly sandy CLAY (1 FILL)
5 — | \CLAY with occasional! sireta of siff
oy |l Etne _sanay SILT wisirataficd clay layers
0 Fine, sandy SILT

ML Silty, mediurn fo fine SAND
/! g’é L Fine, sanoly SILT
Sy, medium fo Fihe SAND

DEPTH IN FEET
3
l

- Gravelly, sancly ST with stafafied (Eyers
27 15C ||Lof clay (T2L.L)
Gravelly, sandy, silty CLAY (TILL)
/6 g /ayey /5 /L 7;}‘ -
ravelly, s//ty, clayey SAND witH
50— CL | cobbtes® (THL)

16 Sandy CLAY (77LL)

S
:
ES

25 llj//fy' fine SAND

60— |
_GRAPHIC __ LOG

LOCAL PROTECTION CHICOPEE FALLS, MASS,
; SCALE 10

PLATE NO. 2
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(6 Avug 1962
E1.103.5
or— :
8
11 \sm | Sitty, gravelty mediiun to fine SAND
0 t+—

10 Gravelly, sity SAND with silf pockers
CL | CLAY with thin stratafied leyers of clay

ML | land stabtsfied /syvers of silf

6 CIL [ inter bedded stata of SILTRIL)E CLAY(LL)

[0 Gravelly, sandy CLAY with cobbles
4 CcL (77LL)

Sondy CLAY with stratsfied loyers ofclby(TILL)

S
|

25 \5¢ | Gravelty, chayey SAND (TILL)
18 Vnterbedded strafkz of ST ond CLAY
23

DEPTL IN FEET
IS
|

S
QS
|

5C | Gravelly, cloyey SAND (THL)

Gravelly, clayey SAND with'cobbles" (T L)
92 |on1| Sithy, sardy GRAVEL with ‘cobbles "

H

60—
GRAPHIC LLOG

LOCAL PROTECTION CHICOPEE FALLS.MASS.
SCALE: ["10!

PLATE NO. 9
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10—

20—

LOCAL

— s ———

BH-45
1?7Ave. /962

E

El 104.5

6t

Silty sand with coal and brick fragments
| (FILL)

Y71

H

T

Sanay silf with coaland brick
fragments(FILL)

181cCL

Stratkafied SILT with thin layers of
CLAY

s

M.S. (bushed cobble)
) (Sandy cLAY(TILL)

/9 I.G'M

ST and CLAY (stratsfied)

SILT

Silty, fine SAND

Silly, mectium to Fine SAND with silt
pockets and frace of greve/

GRAPHIC L OG

PROTECTION, CHICOPEE. FALLS, MASS.

SCALE : " = 10

PLATE NO. 10




[T'ON ALVId

Local Protection Project, Chicopee Falls, Mass.
Condition of Raiircad, Looking Upsiream from River Section 62+
Date: January 24, 1962



‘ON HILV1d

21

Loczl Protection Project, Chicopee Fails, Mass.
Upsiream View Along Railroad Embarnkment, from River Section 8§58+
Date: January 24, 1962 -




